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^ (57) Abstract: Method for synchronising mobile equipment in a CDMA system comprising a pluralily of base stations (11) Ibr 
^ communicating with the mobile equipment (12). The base stations (11) are mutually synchronised, and each base station (1 1) has 
^ a synchronisation channel transmit timing olTsel within a synchronisation time slot (20). The method comprises the step of syn- 
^ chronising the mobile equipment (12) by matching a synchronisation code in the synchronisation time slot (20). Also the ibllowing 
steps arc executed by the method: scanning a base radio signal (13) during at least one frame (15) for delecting a signal portion with 
Q predetermined chardclcristics, such as received power peaks (23), ihc signal portion not being the synchronisation code; deriving 
^ liming informaiion associuicd with ihc CDMA system from the signul portion: and starting the synchronisation step ol! the mobile 
»^ equipment (12) using the liminii iniormuiion. 
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Synchronisation of mobile equipment in time division duplex CDMA system 

The present invention relates to synchronisation of mobile equipment in a time 
division duplex CDMA (Code Division Multiple Access) system. In a first aspect, the 
5 present invention relates to a method for synclironising mobile equipment in a CDMA 
system comprising a plurality of base stations for commimicating with ttie mobile 
equipment, tlie base stations being mutually synchronised, each base station having a 
synchronisation channel transmit timing offset within a synchronisation time slot, the 
method comprising the step of synchronising the mobile equipment by matching a 

10 synchronisation code in the synchronisation time slot. 

Synchronisation of mobile equipment (or mobile stations) in TDD-CDMA 
systems is being effectuated by having the mobile equipment search for a specific code 
in a received radio signal fi-om one or more base stations (hence code division multiple 
access). This is e.g. described in ETSI publication TS 125.224 'Universal Mobile 

15 Telecommunications System (UMTS); Physical Layer Procedures (TDD)' Annex C, 
June 2001 . The radio signal, or air interface, is characterised as a time duplex radio 
signal. Initially, a mobile device or mobile equipment is completely unaware of the 
timing of the TDD-CDMA system. The mobile device searches for a match with a 
specific code for at least the duration of one jframe. The disadvantage of the code search 

20 is that there is always a chance of a false match being found, resulting in a new search 
that has to be performed, which requires additional time. 

The present invention seeks to provide a method, which allows a more efficient 
synchronisation of the mobile equipment. 

For that, the present invention provides a method of the type defined in the 

25 preamble above, in which the method comprises the steps of scanning a base radio 
signal during at least one firame for detecting a signal portion with predetermined 
characteristics, the signal portion not being the s)mchronisation code, deriving timing 
information associated with the CDMA system ft-om the signal portion, starting the 
synchronisation step of the mobile equipment using the timing information. This will 

30 allow to start the synchronisation step, in which a code match is searched (e.g. using 
matching filters), on a very efficient time in the firame. 

The signal portion being scanned for in the radio signal may in a first 
embodiment be the received power of the base station signal as received by the mobile 
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equipment, such as the received signal strength indicator (RSSI). The method may then 
further comprise the steps of making a list of all received power or RSSI peaks and 
associated time of occurrence in the at least one firame, the received power or RSSI 
peaks having a time period of less then a predetermined nvunber of chips, e.g. 300, and 
5 an ampUtude step of more than a predetermined value, e.g. 3 dB and selectiiig the 

highest peak of the list and starting a first synchronisation search just before occurrence 
of the highest peak. The received radio signal in the mobile equipment or mobile 
station has a distinct power over time signal in a TDD-CDMA system, as the 
synchronisation time slot is fixed within the radio fi-ame, and every base station uses a 

10 different timing offset to start the synchronisation signal in the synchronisation time 
slot. This allows detecting these synchronisation signals as distinct peaks in the power 
envelope of the radio signal. . 

In a further embodiment, the mobile equipment also selects the strongest base 
station signal based on the received power or RSSI information, next to only deriving 

15 timing information. This allows for a more efficient start phase of mobile equipment 
entering a TDD-CDMA system. 

In a further embodiment, the signal portion is the guard period of the base station 
signal. Every time slot of the radio frame has a fixed stmcture comprising a data block, 
a mid amble, a second data block and a guard period. In the guard period which has a 

20 predetermined length (e.g. 96 chips of the 2560 chips, or 0.667^Lsec in every time slot), 
no signal power is present, which allows this guard period to be detected. As the guard 
period has a fixed position within each timeslot, and the synchronisation channel has a 
fixed position within each frame, the frame and time slot timing information may be 
derived or calculated from the guard period timing information. This then allows 

25 starting the synchronisation of the mobile equipment to start at an optimal moment in 
time, lowering the chance of a false match of the synchronisation code. Also in this 
fiurther embodiment, the method may comprise the further step of selecting a channel • 
associated with the strongest synchronisation match. 

Also, further cell parameters may be derived based on the timing information, see 

30 e.g. TS25.223 v4.1.0 (June 2001), chapter 8.3 'Evaluation of Synchronisation Codes'. . 

The method may comprise the further step of controlling a timing oscillator of the 
mobile equipment using the derived timing information. This allows to start up the 
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mobile equipment in the TDD-CDMA system in a more efficient and less time 
consuming way. 

The present invention may be advantageously used in TDD-CDMA systems, 
such as the UTRA-TDD (UMTS, or Universal Mobile Telecommunications System, 
5 Terrestrial Radio Access) system and/or TD-SCDMA (Time Division Synchronous 
Code Division Multiple Access) system as known to the person skilled in the art. 

In a further aspect the present invention relates to mobile equipment for use in a 
CDMA system, the mobile equipnient comprising processing means, memory means 
and transceiver means for receiving and transmitting CDMA signals, the memory 
10 means and transceiver means being connected to the processing means, and the 
processing means being arranged to perform the steps of the present method. 

In an even further aspect, the present invention relates to a software program 
product which is loadable on equipment having processing means, the software 
program comprising instmctions to allow the processing means to execute the steps of 
15 the present method. The present invention also relates to a data carrier, such as a 
recording medium or transfer medium, comprising the present software program 
product. 

The present invention will now be discussed in more detail using an exemplary 
embodiment, with reference to the attached drawings in which 
20 Fig. 1 shows a block diagram of a mobile communication system in which the 

present invention may be used; 

Fig. 2 shows the physical channel signal format of a TDD-CDMA system; 

Fig. 3 shows a diagrammetic view of the structure of a single time slot as used in 
a TDD-CDMA system; 
25 Fig. 4 shows the scheme for a synchronisation channel in a TDD-CDMA system; 

Fig. 5 shows a plot of received signal strength over time for a TDD-CDMA radio 
signal. . f 

In Fig. 1 a general simplified diagram is shown of a TDD-CDMA system 10 for 
mobile commxmications. A nimiber of mobile stations 12 (MS 1 , . .MS N), or mobile 
30 equipment, are able to commimicate with a base station 1 1 by means of a radio 

frequency signal 13. The TDD-CDMA system 10 uses Code Division Multiple Access 
and Time Division Duplex to assign channels to one of the communication links 13. 
Although only one base station 1 1 is shown in Fig. 1 , it will be clear that in the TDD- 
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CDMA system 10, a large number of base stations 1 1 are present which each have a 
certain geographical coverage area or cell. 

Fig. 2 shows the physical layer channel signal structure format of the TDD- 
CDMA system 10, i.e. the structure of the radio frequency signal 13. All physical 
5 channels take a three-layer structure with respect to timeslots 16, radio frames 15 and 
system frame numbering (SFN). Depending on the resource allocation, the 
configuration of radio frames 15 or timeslots 16 becomes different. The radio fr"ame 15 
is 1 0 msec long and comprises 15 timeslots 16 for the 3.84 Mcps system as e.g. 
described in ETSI publication TS 125.221 'Universal Mobile Teleconmiunications 

10 System (UMTS); Physical channels and mapping of transport channels onto physical 
channels (TDD)*, June 2001. Each timeslot 16 is 667 |xsec long and comprises 2560 
chips (or time periods Tc) and is either used uplink (from mobile station 12 to base 
station 1 1) or downlink (from base station 1 1 to mobile station 12). Of each frame 15, 
at least one time slot 16 has to be allocated for the downlink, and at least one time slot 

15 16 has to be allocated for the uplink. . 

The time slots 16 are used in the sense of a TDMA component to separate 
different user signals in the time domain. A physical channel in TDD is a burst, which 
is transmitted in a particular timeslot 1 6 within allocated Radio Frames 1 5. The 
allocation can be continuous, i.e. the time slot 16 in every frame 15 is allocated to the 

20 physical channel or discontinuous, i.e. the time slot 16 in a subset of all frames 15 is 
allocated only. 

The general structure of each timeslot 16 is shown in Fig. 3. All chaimels need a 
guard period GP 19 in every timeslot. A burst is the combination of two data blocks 17, 
a midamble part IS and a guard period 19. The duration of a burst is one time slot 16. 

25 Several bursts can be transmitted at the same time from one transmitter. In this case, the 
data parts must use different channelisation codes, but the same scrambling code. 
The midamble parts IS are either identically or differently shifted versions of a cell- 
specific basic midamble code. The data part 17 of the burst is spread with a 
combination of channelisation code and scrambUng code. The channeUsation code is an 

30 orthogonal variable spreading factor (OVSF) code, that can have a spreading factor of 
1,2, 4, 8, or 16. The data rate of the physical channel is depending on the used 
spreading factor of the used OVSF code. The rnidamble part 18 of the burst can contain 
two different types of midambles: a short one of length 256 chips, or a long one of 512 
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chips. The data rate of the physical channel is depending on the used midamble length. 
The scrambling code and the basic midamble code are broadcast and may be constant 
within a cell or base station 1 1 . Depending on the application, the guard period 19 is 
e.g. 96 or 192 chips long. 
5 In the TDD-CDMA system 10, all base stations i 1 have a common time base to 

keep synchronisation in the TDD system. Synchronisation of mobile equipment 12 with 
the other parts of the TDD-CDMA system 10 is accomplished using a synchronisation 
chaimel 20. This synchronisation channel 20 is shown in Fig. 4. A mode code group of 
a cell can be derived from the synchronisation channel 20. In order not to limit the 

10 uplink/downlink asymmetry the synchronisation channel 20 is mapped on one or two 
downlink slots 16 per frame 15 only. The synchronisation channel 20 consists of a 
primary code sequence 21 and three secondary code sequences 22 each 256 chips long. 
The primary and secondary code sequences are predefined codes. 

During cell search, a number of steps are performed, of which one is a 

15 synchronisation step. Other steps include determining the downUnk scrambling code 
and the basic midamble code. During the first step of the cell search procedure, the 
mobile station 12 uses the primary synchronisation code 21 of the synchronisation 
channel 20 to find a cell. Typically this is done using a matched filter (not shown). 
Due to mobile to mobile interference, it is mandatory for public TDD-CDMA 

20 systems 10 to keep synchronisation between base stations 11. As a consequence of this, 
a capture effect concerning the synchronisation chaimel 20 can arise. A time offset 
toffset,n which is chosen differently for each base station 1 1, is measured from the 
begirming of the synchronisation channel time slot 20. The time offset toffset,n enables 
the system 10 to overcome the capture effect. The time offset toffset,n is one of 32 values, 

25 depending on the code group of the cell, n. Note that the cell parameter will change 

from frame to frame, but the cell will belong to only one code group and thus have one 
time offset tofrsct,n. The exact value for toffset,n, is given by: 



'^•"'■t(720+«.48)7; ,.>16 = 31 

30 Thus, the synchronisation code will be located in the first or second data part of the 
timeslot 16 (see Fig, 3). 



DOCIO: <WO_03039043A1 :l_> 



wo 03/039043 PGT/NL0 1/00762 

• ' 6 ■ : ■ ■ \ 

As a result, the received radio signal power at the mobile station 12 will have a 
distinct form in the synchronisation chaimel part of a received TDD-CDMA frame 15. 
Fig. 5 shows a possible plot of the received power (or Received Signal Strength 
Indicator RSSI) at the mobile station 12 over time. It can be seen that in the time period 
5 of the synchronisation channel 20 shown in Fig. 5 (which may occur once or twice in 
every frame 15) a number of peaks 23 occur, resulting from different base stations 11 
transmitting their synchronisation code. These peaks have certain characteristics 
(duration of 256 chips, intervals of n times 48 chips) which make these peaks easy to 
detect. The mobile station 12 may be provided with special circuitry or software to 

10 detect these peaks (e.g. more than 3 dB signal difference and less then 400 chips 

width). Once these peaks are detected, the mobile station 12 is aware of the timing of 
the synchronisation channel 20 (as this is a periodic signal). Then, the mobile station 12 
may start the synchronisation code search at an optimum time (e.g. just before the peak 
occurs) in order to minimise the chance of false matches and to optimise the search 

15 procedure (quicker synchronisation). 

Also, already at this stage, the mobile station 12 may be arranged to store a list of 
RSSI peaks 23 and select the base station 11, which provides the strongest signal in 
order to obtain the best quality link 13 with the base station 1 1 . 

Returning to Fig. 1, one of the mobile stations 12 is shown in more detail as an 

20 exemplary embodiment, comprising processor means 7, such as a digital processor, 

signal processor or the like. The processor 7 is connected to a display 5, memory means 
6 (such as random access memory and/or non- volatile memory), and an oscillator 8 
providing a clock signal to the processor means S. The processor means 7 are arranged 
to execute the steps as described above in relation to the present invention and to 

25 interface with a transceiver 9 which is connected to the antenna of the mobile station 
12. The mobile station 12 or mobile equipment may also be arranged to use the timing 
infonnation obtained from the received signal to control the operation (and 
synchronisation) of its own timing oscillator 8. 

In a further embodiment, other periodic signal portions may be used to obtain the 

30 frame timing infonnation (or better synchronisation channel timing information), such 
as the guard periods of each time slot 16 in a frame 15. This allows using the present 
invention in more different TDD-CDMA systems 10, such as TD-SCDMA systems or 
lower rate standards of TDD-CDMA (such as^the 1.28 Mcps system described in ETSI 



)OCID:<WO. 03039043A1 I > 



wo 03/039043 PCT/NLOl/00762 

. ■ ' ■ •■' ■ . • . 7 '.^ • ' 

TS 125.221 mentioned above). Combining the timing infomiation of the guard space 
and the synchronisation channel provides additional knowledge of the frame timing, 
hence the timing offset is known which points to a limited range of cell parameters. 
This will also speed up the synclironisation process even more. 
5 For the person skilled in the art it will be apparent that various modifications and 

variations to the present invention may be envisaged. The above description of 
exemplary embodiments are only meant as clarification and not to limit the scope of the 
present invention which is defilned by the appended claims. 
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. CLAIMS 

1 . Method for synchronising mobile equipment in a CDMA system comprising a ' 
plurality of base stations (11) for communicating with the mobile equipment (12), the 
5 base stations (1 1) being mutually synchronised, each base station (1 1) having a 

synchronisation channel transmit timing offset within a synchronisation time slot (20), 
the method comprising the step of synchronising the mobile equipment (12) by 
matching a synchronisation code in the synchronisation time slot (20), 
characterised in that the method comprises the steps of: 
10 scanning a base radio signal (13) during at least one frame (15) for detecting a signal 
portion with predeteraiined characteristics, the signal portion not being the 
synchronisation code; 

deriving timing information associated with the CDMA system from the signal portion; 
starting the synchronisation step of the mobile equipment (12) using the timing 
15 information. 



2. Method according to claim 1, in which the signal portion is the received power 
of the base station signal (13) as received by the mobile equipment (12), such as the 
received signal strength indicator (RSSI). 

20 

3. Method according to claim 2, in which the method comprises the further steps 

of 

- making a list of all RSSI peaks (23) and associated time of occurrence in the at least 
one frame (15), the RSSI peaks (23) having a time period of less then a predetermined 

25 number of chips, e.g. 300, and an amplitude step of more than a predetermined value, 
e.g,3dB; 

- selecting tiie highest peak (23) of the list and starting a first synchronisation search 
just before occurrence of the highest peak. 

30 4. Method according to claim 2 or 3, in which the method comprises the step of 

selecting the strongest base station signal based on the received power information. 
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5. Method according to claim 1, in which the signal portion is the guard period 
(19) of the base station signal (13). 

6. Method, according to claim 5, in which the method comprises the further steps 

5 of ■ ■ ■ ' ■ . 

- deriving timing infomiation from the guard period (1 9); and 

- calculating from the guard period timing information timing information associated 
with the synchronisation slot (20). 

10 7. Method according to claim 6, in which the method comprises the further step 

of selecting a channel associated with the strongest synchronisation match. 

8. Method according to one of the claims 1 through 7, ia which the method 
comprises the firrther step of controlling a timing oscillator (8) of the mobile equipment 

15 (12) using the derived timing information. 

9. Method according to one of the claims 1 through 8, in which the method 
comprises the further step of deriving cell parameters based on the timing information. 

20 10, Method according to one of the claims 1 through 9, the method being appUed 

in a UTRA-TDD system or in a TD-SCDMA system. 

1 1 . Mobile equipment for use in a CDMA system, the mobile equipment 
comprising processing means (7), memory means (6) and transceiver means (9) for 

25 receiving and transmitting CDMA signals, the memory means (6) and transceiver 

means (9) being connected to the processing means (7), and the processing means (7) 
being arranged to perform the steps of one of the claims 1 through 10. 

12. Software program product which is loadable on equipment (12) having 
30 processing means (7), the software program comprising instructions to allow the 

processing means to execute the steps of the method according to one of the claims 1 
through 10. 



DOCID: <WO. .03039043A1 t > 



wo 03/039043 PCT/NLO 1/00 762 

10 

13. Data carrier comprising the software program product according to claim 12. 
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